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I A semiconductor device of a field effect tran- 
sistor having an SOI structure is formed as 
below. Using a gate electrode 20 as a mask, n 
type impurities are implanted into an SOI layer 
(13) of p type to fbnn additional source/drain 
regions (15, 16) of intermediata concentration. 
Then, a relatively thin sidewall spacer (25) is 
fbmied at the sidewall of the gate electrode (20). 
Using the sidewall spacer (25) as a n^ask. a 
titanium silickje layer (27) is formed in self- 
alignment on the surface of the SOI layer (13). 
Next, a relatively thick sidewall spacer (26) 
formed. Using ttiis sktewall spacer as a mask, n 
type impurities are implanted to form a sour- 
ce/drain region (17, 18) of high concentration. 
According to tills manufacturing step, over- 
etching of the source/drain region (17, 18) are 
prevented in performing anisotropic etching at 
ttie tiPDe of skiewall spacer (25, 26) formatk>n. 


FIG. 5 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

Hie present invention relates t s miconductor 
devices, and more particularly, to a semiconductor 
device having a relatively thin active region such as a 
MOS (Metal Oxide Semiconductor) type field effect 
transistor (referred to as SOI-MOSFET hereinafter) 
and a method of manufacturing thereof. 

Description of the Background Art 

An SOI-MOSFET to which the present invention 
is mainly applied will be explained first taking a copd- 
plementary type MOS (referred to as CMOS hereinaf- 
ter) as an example of the background technology of 
the present invention. 

A CMOS having low consumption power and 
superior noise immunity is important in seeking high 
integration density and high speed operation. A sec- 
tional view of a conventional CMOS of not the SOI 
type txjt the so-called bulk type is shown in Fig. 1 A. 
Referring to Fig. 1A, a CMOS has an n well regton 2 
formed in the proximity of the surface of a p type sili- 
con substrate 1 . A p channel type MOSFET 4 conrv- 
prising a pdycrystalline silicon gate 4 as the main 
element is formed on n well regk)n 2. An n channel 
type MOSFET 6 comprteing a polycrystalline silicon 
gate 5 as the main element is formed at the surface 
of p type sHioon sut>strate 1 in the regk>n other than n 
well region 2. Afield oxide film 7 insulates and isolates 
n well region 2 from the other regton. When such a 
bulk type CMOS is reduced in element size, parasitic 
thyristor is activated by noise from outside so that 
abnormal current flows from the power supply termi- 
nal to the ground terminal to stop the circuit operation 
(latch up phenomenon). This also induces problems 
such as soft error by a-parttole. 

A sectk>nal view of a CMOS having an SOI type 
structure is schematk:ally shown in Fig. 18. Refem'ng 
to Fig. 1B, this SOI type CMOS has semiconductor 
layers 9 and 10 such as of silicon layers formed Is- 
land-like by a field insulating film 7 on a silicon sub- 
strate 1 with an insulator layer 8 therebetween. 
Semkx>nductor layer 9 has an n type channel region 
and p type source/drain regk>ns of p channel MOS- 
FET 4 fonned including polycrystalline silicon gate 3. 
Semteonductor layer 10 has a p type channel region 
and n type source/drain regk>ns of n channel MOS- 
FET 6 formed. Such a CMOS of the SOI structure has 
each element and also the substrate insulation-sepa- 
rated so that there is no current path leading to soft 

nror and latch up. This is advantageous to reducti n 
of elem nt size. It is also advantageous to high speed 

perati n since interconnectk>n capacitance and 
junctk)n capacitance ar reduced by the lower insulat- 
ing layer (refer to Ouyou Butsuri (Appli d Physics) 


Vol. 54, N .12 (1985) pp. 1274- 1283, "SOI Technol- 
ogy")- 

A structure of a conv ntronal SOI-MOSFET and 
a method of manufacturing th reof will be xplained 

5 hereinafter with ref rence to Figs. 2, and 3A - 3F. Ref- 
erring to Fig. 2, a conventional SOI-MOSFET has an 
insulator layer 12 formed on a silicon substrate 1 1. A 
relatively thin silicon layer 13 of approximately 300 - 
1 500A is formed on insulator layer 1 2. Near the center 

10 of silicon layer 13, a channel region 14 having a low 
p type impurity concentration (for example, 10^® - 
10^^/cnri^ is fonmed. An additional source region 15 
and an addittonal drain region 16 having an n type 
impurity concentration of the middle degree (for 

IS example, W^/amP) are formed adjacent to the sides 
of channel regk>n 14. 

Additional source regk>n 15 and additional drain 
region 16 have a source region 17 and a drain region 
18 connected, respectively, each of a high n type 

20 DTTipurity concentration (for example 10^^-1 O^/cm^). 
A gate electrode 20 is formed above channel reg- 
k)n 14 with a dielectric thin film 19 therebetween. A 
sidewall spacer 21 is formed at the sidewalls of gate 
electrode 20. Silkx>n layer 13, gate electrode 20 and 

25 sidewall spacer 21 are covered with an interlayer 
insulating film 22. A contact hole 23 is provided in 
interlayer insulating film 22. An interconnection layer 
24 is connected to gate electrode 20, source region 17 
and drain region 18 through each contact hole 23. 

30 When positive voltage is applied to gate electrode 
20 in ttie SOI-MOSFET of the above structure, car- 
riers (electrons) of the n conductivity type are induced 
towards the upper layer of p type channel regk>n 14, 
whereby that upper layer is inverted to an n conduo- 

35 tivity type klentical to the conductivity of source region 
17 and drain regk>n 1 8, or addittonal source region 15 
and additional drain region 16. This allows current to 
flow between source regk>n 17 and drain region 18. 
Because the concentration of the n type carriers 

40 induced at the upper layer of channel region 14 varies 
depending on the gate voltage, the current anKHint 
flowing across channel regk)n 14 can be controlled by 
the gate voltage. This explains the operation of a 
MOSFET. 

45 Additional drain regton 16 has the so-called LDD 
(Lightiy-Doped Drain) structure, serving to reduce the 
electric field in the proximity of the boundary between 
drain regk>n 18 and gate electrode 20 to suppress 
generation of electron-hole paire caused by impact 

50 k>nization phenomenon. A thin film SOI-MOSFET 
having a relatively thin silicon layer 1 3 of, for example. 
500 - 1500A thickness, has the following character- 
istics in comparison with a conventional SOI-MOS- 
FET having a relativ ly thick ilicon layer of 

55 approximately 5000A. Since channel region 14 where 
currentflows is very thin, th applicati n of a gat v It- 
ag causes chann I region 14 to become entirely dep- 
I ted. This allows the d pi tion layer of channel 
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region 14 to be controlled r liablybygateelectrod 20 
ind pendent of th effect f th drain voltage. This 
reduces th ffect of electric field from drain region 1 8 
to channel regi n 14. As a result the Vd-Id characteri- 
stic degradation of Fig. 4A se n inconv ntional bulk s 
type MOSFETs excluding the SOI type where cun^nt 
increases suddenly by a high drain voltage. I.e. the 
punch through phenomenon, is suppressed. It will 
therefore be possible to operate stably a transistor 
having a short gate length. io 

A method of manufecturing a conventional SOI- 
MOSFET having the structure of Fig. 2 will be exp- 
lained hereinafter with reference to Figs. 3A - 3F. 
First, oxygen ions are implanted into a silicon sub- 
strate 1 1 at an injection energy of 200KeV and a dos- 
age of 2 X lO^B/cm^ Then, the substrate is subjected 
to heat treatment of approximately 1350''C. An 
insulating layer 12 Is fonned in silicon substrate 11 
leaving a thin silicon layer 13 on the surface. Next, sili- 
con layer 13 is processed in an island-like nr^nner to 20 
form an active regton (Fig. 3A). Impurities of p type are 
injected into silkx}n layer 1 3 to form a channel region 
14. Next, a dielectric thin film 19 is fbnmed by thenmal 
oxkiation of the surface of silicon layer 13. Then, a 
gate electrode 20 such as of polycrystalline silicon is 25 
formed. Ion implantation is cam'ed out using gate 
electrode 20 as a nnask. By Implanting phosphorus 
which Is an impurity of n type for example, additk>nal 
source region 15 and additional drain region 16 are 
formed (Fig. 3B). so 

By depositing a CVD insulating fim 21a (Fig. 3C) 
and then carrying out reactive ion etching, a sidewail 
spacer 21 is fomned at the skiewall of gate electrode 
20. Some over-etching is necessary in provkling 
skJewall spacer 21 . This is to take into consideration ss 
unevenness in the thickness of CVD oxkle fDm 21a 
which is deposited to approximately 3000A to leave 
only sidewail spacer 21 while renrK>ving the remainder 
by etching. This over-etching is responsible for some 
removal of silkx)n layer 13 to generate a step as 40 
shown In Fig. 3B by arrow A. Specifically, when the 
application of reactive ion etching to CVD oxide film 
21a of, for example, approximately 3000A in average 
Is carried out with over-etching of approxinruitely 20% 
on account of variation in thickness and etching 45 
characteristic of CVD oxkJe film 21a. That is to say, 
3000A of CVD oxide film 21a is first etched, followed 
by etching of a time period where 6OOA of CVD oxide 
film 21a is over-etched. SDicon layer 13 will be over- 
etched rf the thickness of the CVD insulating film so 
deposited ttiereabove is exactly 3000A. A silicon 
oxkje film is generally used for a CVD insulating fim, 
where the selectivity of reactive ion etching to sDicon 
is approxinrmtely 5:1. This means that sDicon of 
approximately 120A is etched during the time period 55 
wh reov r-etching of 6OOA is carried out f r a silicon 
oxkj film. 

F llowing the formation of skiewall spacer 21, 


arsenic ions of lO^® - AQi^fav^ are injected using 
sidewail spacer 21 as a mask to f rm source region 
17 and drain regk)n 18 of high concentrati n, as 
shown in Fig. 3D. Then, an interiayer insulating film 22 
is deposited by CVD. foil wedbyfonmati n of a con- 
tact hole 23 in a predetermined position in interiayer 
insulating layer 22. Some over-etching occurs in form- 
ing contact hole 23 to result in a depresskin indicated 
by arrow B in Fig. 3E. The fonmatk)n of an intercon- 
nection layer 24 completes the manufacture of a thin 
film SOI-MOSFET of Fig. 3F. 

Because a conventtonal SOI-MOSFET is marv 
ufactured having a structure as described above, 
over-etching occurs in forming sidewail spacer 21 and 
contact hole 23, resulting in a sQicon layer 13 having 
a thin portion as shown in arrow A of Fig. 3D and arrow 
B of Fig. 3E. The resistance of this portion » 
increased to deteriorate the transistor characteristic 
The value of drain cun^nt Id with respect to a pre- 
determined drain voltage Vq is decreased as shown 
in Fig. 4B. There was also a problem that the transis- 
tor does not operate due to the fact that there is some 
portion where silicon layer 13 is completely removed 
to cut off source regton 17 or drain region 18. 

SUMMARY OF THE INVENTION 

An object of ttie present inventk>n is to provide a 
semiconductor device improved in transistor charac- 
teristic by suppressing decrease of film thickness in 
the semiconductor layer caused by over-etching, and 
a method of forming thereof. 

A semiconductor device according to the present 
invention includes a semiconductor layer formed on 
an insulator layer, a channel region of a first conduc- 
tivity type formed within the semkx>nductor layer, 
additk)nal source/drain regk>ns of a second conduc- 
tivity type formed within the semiconductor layer adja- 
cent to the skies of the channel regk>n. and a gate 
electrode formed above the channel region with a 
dielectric thin film therebetween. A first sidewail 
spacer is formed at the sidewail of the gate electrode. 
An etching-resistant metal layer is fonmed on the sur- 
face of the semiconductor layer outside the first 
skiewall spacer. A second sidewail spacer is formed 
at the outer surface of tiie first skiewall spacer. 
Source/drain regk)ns of a second conductivity type 
having a concentratton higher than that of the 
additional source/drain regions are formed in the 
semiconductor layer outside the region of the second 
skiewall spacer adjacent to the additional 
source/drain regk)ns. 

A method of manufacturing a semkx)nductor 
d vice according to the present inv ntbn comprises 
the steps of forming a dielectric thin fDm on a semicon- 
ductor layer fonmed n an insulating lay r, and form- 
ing a gate el ctrod n this dielectric thin film. Using 
the gate electrod as a mask, impuriti s of a second 
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conductivity type are implanted into the semiconduc- 
tor layer t fonmadditi nal source/drain regi ns.Afirst 
sid wall spacer isf rmedatth I ftandrightsidewalls 
fth gat electrode, followed by forming an tching- 
reslstant metal layer in self-alignment at th regi n 
where the semiconductor layer Is exposed excluding 
the surface of the first sidewall spacer. After the for- 
mation of the metal layer, a second sidewall spacer is 
formed at the outer surface of the first sidewall spacer. 
Using this second sidewall spacer as a mask, impuri- 
ties of a second conductivity type are implanted to 
form source/drain regions having a concentration 
higher than that of the additional source/drain regions. 

A semiconductor device and a method of man- 
ufacturing the same according to the present inven- 
tion has a double layered structure of a first sidewall 
spacer fomned at the sidewall of a gate electrode and 
a second sidewall spacer formed at the outer surface 
thereof. The first sidewall spacer is used as a mask for 
forming a metal layer on the surface of source/drain 
regtons. The second sidewall spacer is used as a 
mask in the formation of source/drain regk}ns of high 
concentration in an LDD structure. This allows the for- 
mation of the first skJewall spacer with relatively thin 
thickness in which the maximum width is approxinr)- 
ately 1 0OOA. Therefore, over-etching of the 
source/drain regions is suppressed to a very low deg- 
ree in anisotropic etching of forming the first sidewall 
spacer. The formation of an etching-resistant nr)etal 
layer on the source/drain regions prevents over-etch- 
ing of the source/drain regions in anisotropic etching 
in forming the second sidewall spacer. 

The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from \he following detailed 
description of the present invention when taken in 
conjunction witti the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 A is a sectional view of a conventional bulk 
type CMOS. 

Fig. 1 B is a sectional view of a conventional SOI- 
CMOS. 

Fig. 2 is a sectk)nal view of a conventional thin 
SOI-MOSFET. 

Figs. 3A- 3F are sectional views of a conventional 
SOI-MOSFET showing the manufacturing steps 
thereof. 

Fig. 4A is a graph showing ttie Vq - Id characteri- 
stic degraded by tiie so-called punch tiirough 
phenonrwnon in a conventional bulk type MOSFET. 

Fig. 4B is a graph of the transetor characteristic 
where resistance is increased due to a thin ilioon 
layer in source/drain regions in a conventi nal SOI- 
MOSFET. 

Fig. 5 is a secti nal view of a SOI-MOSFET 
according to an embodiment of the present invention. 


Figs. 6A - 6H are sectional vi ws of ttie SOI-MOS- 
FET of the embodmn nt showing tti manufocturing 
steps thereof. 

Fig. 7 is a s cti nal view of a structure where a 
5 titanium silicid lay r i formed on tti surface of the 
source/drain regions of a bulk type MOSFET accord- 
ing to conventional technology associated witti the 
present invention. 

Fig. 8 is a sectional view of a CMOS having the 
10 SOI structure in which the present inventk)n is applied 
to. 

Fig. 9 is a graph of the Vd - Id characteristic of a 
thin SOI-MOSFET according to the embodiments of 
the present invention. 

15 ■ ' . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodmnent of the present Invention wOl be 

20 explained hereinafter witti reference to the drawings. 
Fig. 5 shows a secttonal view of a ttiin film SOI-MOS- 
FET of ttie present embodiment Referring to Fig. 5, 
this thin film SOI-MOSFET has an insulator layer 12 
formed on a silicon substrate 11. A ttiin silicon layer 

25 13 of approximately 300 - 1500A in tiiickness is for- 
med as a semiconductor layer on insulator layer 12. 
Silicon layer 1 3 has a channel regbn 1 4 of low p type 
impurity concentration (for example 10^« - WVcrn^ 
fomned in the proximity of the center thereof. An 

30 additional source regk>n 15 and an additional drain 
regton 16 each having a n type impurity concentration 
of an intermediate level (for example 10i^/cm^ are 
formed adjacent to the left and right sides of channel 
region 14. Additk)nal source region 15 and additional 

35 drain regfon 16 have a source regk>n 17 and a drain 
regk>n 18, respectively, of high n type impurity con- 
centration (for example 10^» - WVcm^) formed adja- 
cent to the sides of channel region 14. A gate 
electrode 20 ts fomned above channel region 14 witti 

40 a dielectric thin film therebetween. 

The above structure is seller to the aforemen- 
tk>ned conventional embodiment of Fig. 2. The pre- 
sent embodiment shows a firat sidewall spacer 25 of 
relatively thin thickness where ttie maximum width is 

45 approximately 1 0OOA at the sklewall of gate electrode 
20* A metal layer 27 formed of a thin titanium silidde 
layer of approximately 500A in thickness, for 
example, is formed on the surface of silicon layer 13 
which is not covered witti gate electrode 20 or first 

50 sidewall spacer 25, and on gate electrode 20. A sec- 
ond sidewall spacer 26 having a maximum thickness 
of approximately 3000A Is formed at the outer surface 
of first skjewall spacer 25. An additional source region 
15 or an additional drain region 16 is provkled in sili- 

55 con layer 13 b neatti first sidewall spacer 25. A 
d pressionorreducti n in film thickness du to v r- 
tohingisnot eenin econd sidewall spacer 26 and 
in silicon layer 13 at tti bottom of contact hoi 23. 
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Because metal layer 27 of low resistance Is pro- 
vided n silicon lay r 13 In the structure, It Is possible 
to reduce resistance f s urce regi n 17 and drain 
region 16. 

Tti nranufacturing steps of the SOI-MOSFET f 5 
the embodiment In Fig. 5 will be explained with refer- 
ence to Figs. 6A - 6H. According to the method of 
manufiacturing an SOI-MOSFET of the present embo- 
diment, oxygen Ions are Implanted Into silicon sub- 
strate 11 at an Injection energy of 200KeV and a io 
dosage of 2 x 1 0^^/cnn^, followed by a heating process 
of approximately 1350''C. This forms an Insulator 
layer 12 In sflicon substrate 11, leaving a thin silicon 
layer 13 on the surface thereof. Then, silicon layer 13 
is processed In an island-like mannertofbmn an active 15 
region (Fig. 6A). A channel region 14 Is formed Intro- 
ducing Impurities of p type into sDlcon layer 13. The 
surface of silicon layer 13 is thermal-oxidized to fonfn 
a dielectric thin film 19. Then, a gate electrode 20 of 
pdycrystalllne silicon Is formed (Fig. 6B). Using gate 20 
elecbt>de 20 as a mask, n type Impurities such as 
phosphorus ions are implanted at an lnjectk)n energy 
of BOKeV and a dosage of 1 x lO^^/cnD^ to form an 
addltk>nal source regk>n 15 and an additional drain 
regk)n 16 of a concentration of approximately 25 
10i8/cm3 (Fig. 60). 

The above described manufacturing steps are 
similar to those of the aforementtoned conventk>nal 
embodlmenL In the present embodiment, a OVD 
oxide fOm 25a Is fbmned (Fig. 6D). followed by for- 30 
matk)n of a first skJewall spacer 25 by reactive ion 
etching (Fig. 6E). If the film thk^kness of CVD oxide 
film 25a is approximately set to IOOOA for example, 
reduction in thickness of sllk»n layer 13 due to over- 
etching is very low. This is because the over-etching 35 
amount of CVD oxide film 25a Is set to be approxinv 
ately 200A which is 20% of IOOOA and the etching 
selectivity of silicon Is approximately 1/5 of CVD oxide 
film 25a, so that the over-etching amount of silicon 
layer 1 3 is approximately 40A. 40 

A metal layer 27 of titanium slllcide, for example. 
Is formed on silkx>n layer 13 or on gate electrode 20 
by a self-aligning method described hereinafter (Fig. 
6F). In forming a titanium slllckJe layer for metal layer 
27, titanium is deposited all over the surface to a thick- 45 
ness in a range from several hundreds to a thousand 
A (several lOOsA - IOOOA). followed by heat process 
to silrckle theexposing portk>n of silicon or polycrystal- 
line silkx)n, resulting in formatk>n of a titan urn silidde 
layer. Titanium on insulator layer 1 2 or on the surface so 
of skiewall spacer 25 is left unraacted. or Is nitrided 
to be changed to titanium nitride. By removing the 
unreacted titanium or titanium nibide with sulfuric 
ackj. m tallay r27 f titannjm sillcid lay r Is selec- 
tively formed on silicon layer 13 or gate electrode 20. 55 
N xt,aCVDoxki film of approxinrately3000A thick- 
ness is deposited all ver the surface to be subjected 
to anisotropic etching for fonning a second sidewall 


spacer 26. Using skJ wall spacer 26 as a masK n type 
Impurities such as phosphorus i ns and arsenic ions 
ara d ped to form a source regk>n 17 and a drain reg- 
ion 18 (Fig. 6G). In fbnming second sId wall spacer 
26, V r-etchingofsillcon layer 13 is prevented since 
metal layer 27 covers silicon layer 1 3. This Is because 
the etching selectivity of metal layer 27 with respect 
to the CVD insulating film forming skiewall spacer 26 
Is decreased to approximately 1/20. 

The formatk>n of Interconnection layer 24 results 
in the secttonal view of Fig. 6H. tntarconnectnn layer 
24 is electrically connected to source regton 17 and 
drain regk>n 18 via metal layer 27 in contact hole 23. 

Although titanium silidde is described as the ma- 
-terial of metal layer 27 in the present embodiment- 
similar effects can be obtained using other materials 
such as cobalt sDldde or selective tungsten layer as 
long as the metal layer has conductivity and etching 
resistance, and is capable of being formed in self-al^ 
gnment Selective tungsten layer takes advantage of 
the fact that the core of tungsten is easily generated 
on silicon by the following reaction equation. 
WFe + Si^W + SiFet 

Although a monocrystalllne silicon layer Is used 
as the semiconductor layer In the present emtxxii- 
ment, sImDar effects can be obtained using a semi- 
conductor layer of polycrystalline silk^on or gallium 
arsenic. 

Although the present embodiment is described in 
which an n channel MOSFET is empk>yed, a p chan- 
nel MOSFET may be used. Identk^al effects can be 
obtained with only the conductivity type reversed. 

Although the present Invention is applied to a thin 
film SOI-MOSFET in the present embodiment, the 
prevention of over-etching which is the object of the 
present invention Is also effectively applicable to the 
so-called bulk MOSFET provkJed on a semk:onductor 
substrate. The present lnventk>n has partteular effect 
In a semiconductor device having a relatively shallow 
source/drain junction. 

As a conventional technotogy associated with the 
above described embodiment, a structure where a 
titanium siltekle film is formed on the surface of the 
source/drain regions of a bulk type MOSFET of Fig. 7 
is disdosed in Japanese Patent Laying-Open No. 61- 
270870. Referring to Fig. 7, the structure dtedosed in 
the aforementioned publication has a gate electrode 
103 formed above silicon subsbBte 101 with an 
insulating film 1 02 therebetween. At the left and right 
skjes of gate electrode 103, sidewall spacers 105a 
and 105b of an insulating film are formed whrch insu- 
lates gate electrode 103 from Impurity diflusion layers 
104a and 104b which become the source/drain reg- 
k)ns. A titanium silidde film 1 06a is formed n impurity 
dlffusk)n lay r 1 04a. A titanium silidde fOm 1 06c is for- 
med on gate electrod 103. A titanium silidd fDm 
106b is formed on impurity difTusnn layer 104b. An 
oxide titanium film 107a Is formed n titanium silidde 
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film 106a. sidewall spacer 105a. and titanium sOlcide 
film 106c. An oxid titanium film 107c is formed on 
titanium sOicid film 106b, sidewall spacer 105b, and 
titanium sDicide film 1 06c. An oxide titanium film 1 07b 
is formed on titanium sOicide film 1 06b and n a rela- 
tively thick insulating film 1 08. According to this struc- 
ture, titanium sQiclde layers 106a and 106b contribute 
to reduction in sheet resistance of impurity diffusion 
layers 1 04a and 104b. 

However, impurity diffusion layers 1 04a and 1 04b 
will t>e over-etched by the anisotropic etching step in 
forming sidewall spacers 105a and 105b because 
sidewall spacers 105a and 105b of Fig. 7 are of a 
single layer structure relatively great in thickness. The 
application of such a structure in a semiconductor 
device having an active regk)n of a thin semiconduc- 
tor layer, such as a thin type SOI-MOSFET, cannot 
have the problem solved of increase in resistance of 
the source/drain regk>ns due to over-etching. 

An emtxxJiment where the present invention is 
applied to a CMOS having an SOI structure will be 
explained hereinafter. Fig. 8 shows a sectional view 
of an SOI type CMOS where the present invention is 
applied to the conventional structure of Fig. 1 A Ref- 
erring to Fig. 8, silicon layers 113a and 113b as the 
semiconductor layer are formed in an island-like man- 
ner on a siicon substrate 1 1 1 with an insulator layer 
1 12 therebetween. An n channel MOS 101 is formed 
at silicon layer 1 1 3a. A p channel MOS 1 02 is fonmed 
at silicon layer 113b. Specifically, a p channel region 
1 14a is formed in the middle of silicon layer 1 13a. An 
n type additional source region 1 1 5a and an additk>nal 
drain regton 1 16a are fbnmed adjacent to the left and 
right sides of channel region 114a. A source region 
1 17a and a drain regbn 1 18a are formed adjacent to 
additional source regk>n 115a and additional drain 
regk)n 1 16a, respectively. A gate electrode 120 is for- 
med above channel regk>n 1 14a with a dielectric thin 
film 1 1 9 therebetween. A first skiewall spacer 1 25 and 
a second sidewall spacer 126 fonming a double 
layered structure are formed at the left and right sides 
of gate electrode 120. A metal layer 127 such as of 
titanium silickJe layer is formed on the surface of sili- 
con layer 113a at the region outskle first sidewall 
spacer 125 and on the surface of gate elecbx>de 120. 
Silicon layer 113b isolated from silicon layer 113a by 
a field insulating film 103 has a channel regk>n 114b 
of the n type formed in the middle thereof. An 
additional source regbn 1 1 5b and an additional drain 
regk)n 116b of the p type are formed adjacent to the 
left and right skies of channel regk)n 1 1 4b. A high con- 
centration p type source region 1 17b and a drain reg- 
ion 11Bb are formed on the further outer left and right 
skJes of additi nal source and drain regi ns of 115b 
and 116b, respectively. The structures of gate elec- 
trode 120 and first sidewall spacer 125. and second 
sklewall spacer 1 26 and nr>etal lay r 1 27 are similar to 
those of the abov described n channel MOS 101 . 


According to an SOI type CMOS having th 
above described tnjcture is fire of soft error and 
latch up phenomenon. Also, resistance f th 
source/drain regtons are h Id low to improve the cur- 
5 rent characteristic of the transistor. 

The Vq - Id characteristic of the SOI-MOSFET 
obtained by the above described embedment is 
superior as shown in the graph of Fig. 9. 

Although the present invention has been des- 
10 cribed and illustrated in detail, it is deariy understood 
that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the 
spirit and scope of the present invention being limited 
only by the terms of the appended daims. 
15 - • 

Claims 

1 . A semkx)nductor device comprising: 

20 a semiconductor layer (13, 113a, 113b) 

formed on an insulator layer (12, 112), 

a channel regk>n of a first conductivity type 
(14, 114a, 114b) formed in said semkx)nductor 
layer (13, 113a, 113b), 

25 additk>nal source/drain regions (15, 16, 

1 15a, 1 15b, 1 16a, 1 16b) of a second conductivity 
type formed in said semiconductor layer (13, 
1 1 3a, 1 1 3b) adjacent to the left and right sides of 
said channel regk>n (14, 114a, 114b), 

30 a gate electrode (20, 120) formed above 

said channel regk>n (14, 114a, 114b) with a 
dielectric thin film (19, 119) ttierebetween, 

a first skiewall spacer (25, 125) provided 
on the left and right sidewalls of said gate elec- 

35 trode (20, 120), 

a nr>etal layer (27, 127) having etching-resi- 
stance formed at the surface of saki semiconduc- 
tor layer (13, 113a, 113b) in a region outside the 
regk)n where said first skiewall spacer (25, 125) 

40 is formed, 

a second skiewall spacer (26, 126) pro- 
vkied to cover the outer surface of said first 
skiewall spacer (25, 125), and 

source/drain regtons (17, 18, 117a, 117b, 

45 1 18a, 118b) having a concentration higher than 
that of said additional source/drain regtons (15, 
16, 115a, 115b, 116a. 116b). and formed in said 
semiconductor layer (13, 113a, 113b) in a region 
outside the regton where said second sidewall 

50 spacer (26, 126) is formed. 

2. The semkx)nductor device according to daim 1, 
wherein said semiconductor layer (13, 113a. 
113b) comprises a silicon lay rof 300- 1500A in 

55 thickness. 

3. Th semk^nductor d vice according t daim 1, 
wh rein said metal layer (27, 127) comprises a 
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titanium siiicide layer. 

4. The semiconductor d vice according to daim 1, 
wherein 

said channel region (14, 114a. 114b) has 5 
a p type impurity concentration of 10^* - 1 0"/cm*, 

said additional source/drain regions (15. 
16. 115a. 115b. 116a. 116b) have an n type 
impurity concentration of approximately W^/cm^, 

said source/drain regions (17, 18. 117a. io 
117b, 118a, 118b) have an n type impurity con- 
centration of 1018 _ 10 2i/cm3. 

5. The semiconductor device according to daim 1 . 
wherein said first sidewall spacer (25, 125) is for- is 
med thinner than said second sidewall spacer 

(26, 126). 

6. The semiconductor device according to daim 5, 
wherein 20 

said first sidewall spacer (25. 125) has a 
maximum thickness of approximately IOOOA, 

said second sidewall spacer (26, 126) has 
a maximum thickness of approximately SOOOA. 

25 

7. The semiconductor device according to daim 3, 
wherein said metal layer (27. 127) comprises a 
titanium siiicide layer of approximately 500A in 
thickness. 

30 

8. A semiconductor device comprising: 

two semiconductor layers (113a, 113b) 
formed on a same insulator layer (1 1 2) insulatk>n- 
isdated from each other, 

a gate electrode (1 20) fomied above each 35 
of said semiconductor layers (1 1 3a. 1 1 3b) with a 
gate dielectric thin fflm (119) therebetween, 

a first sidewall spacer (1 25) provided at the 
left and right sidewalls of each said gate electrode 
(120). 40 

a nrvetal layer (127) having etching-resist- 
ance, and fonmed in a region outside the region 
where said sidewall spacer (25, 125) is fomied at 
the surfiace of said each semiconductor layer 
(113a. 113b), and 45 

a second sidewall spacer (126) fomied to 
cover the outer surface of said each sidewall 
spacer (125), 

wherein one of saki semiconductor layer 
(113a) of said two semiconductor layers (113a, so 
113b) comprises 

a channel regton (114a) of p type right 
beneath sakl gate electrode (120), 

additi nal source/drain regions (115a, 
116a) of n type fonmed adjacent to the left and ss 
right sides of said channel regi n (114a), and 

source/drain regi ns (117a, 118a) of n 
typehaving a concentratk>n higher than that of 


said additional source/drain regk>ns (1 1 5a, 
116a). and formed adjacent to sakj additk)nal 
source/drain regi ns (1 15a, 1 16a) at a regnn out- 
side the region wh re said second sidewall 
spacer (126) is f rmed, 

wherein the other semk:onductor layer 
(113b) comprises 

a channel regk>n (114b) of n type right 
beneath sakJ gate electrode (120), 

additk)nal source/drain regions (115b. 
1 16b) of p type fonmed adjacent to the left and 
right sides of sakJ channel region (1 14b), and 

source/drain regtons (117b, 118b) of p 
type having a concentration higher than that of 
said additional source/drain regbns '(115b, 
116b), and formed adjacent to said additk>nal 
source/drain regions (1 1 5b. 1 16b) in a region out- 
skJe the region where said second sidewall 
spacer (126) is formed. 

9. The semiconductor device according to daim 8, 
wherein saki semiconductor layer (113a. 113b) 
comprises a silicon layer of 300 - 1500A in thick- 
ness. 

10. The semiconductor device according to daim 8. 
wherein said metal layer (1 27) comprises titanium 
siiicide. 

11. The semk^onductor device according to daim 8. 
wherein 

saki each channel regton (1 14a, 1 14b) has 
an impurity concentratton of 10^® - lO^Vcm^. 

saki additional source/drain regions 
(115a. 115b, 116a, 116b) have an impurity con- 
centratk)n of approximately lO^^/cm^, and 

saki source/drain regions (117a, 117b. 
118a. 118b) have an impurity concentration of 
10i9-102i/crry3. 

12. The semiconductor device according to daim 8, 
wherein said first sidewall spacer (125) is fomied 
thinner than said second sidewall spacer (126). 

13. The semiconductor device according to daim 12, 
wherein 

said first sidewall spacer (125) comprises 
a maximum thickness of approximately IOOOA 
and, 

said second skiewall spacer (127) conrv 
prises a maximum thickness of approximately 
3000A, 

14. Th semiconductor d vice according to daim 10. 
wh rein saki metal layer (127) comprises a 
titanium silk^ki lay r of approxin^ely 500A in 
thickness. 
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15. A method of manufacturing a s miconductor 
d vice comprising th st psof: 

forming a semiconductor layer (13, 113a, 
113b) of a first conductivity type on an insulator 
layer (12, 112), 

forming a dielectric thin film (19, 119) on 
said semiconductor layer (13, 1 13a, 1 13b), 

forming a gate electrode (20, 120) on said 
dielectric thin film (19, 119), 

forming additional source/drain regions 
(15, 16, 115a. 115b, 116a, 116b) by Implanting 
impurities of a second conductivity type into said 
semiconductor layer (13, 113a. 113b) using said 
gate electrode (12, 120) as a mask, 

forming a first sidewall spacer (25, 125) on - 
the left and right sidewalls of said gate electrode 
(20, 120). 

forming a metal layer (27, 127) in self-ali- 
gnment having etching-resistance at the region 
where said semiconductor layer (1 3. 1 1 3a, 1 1 3b) 
is exposed and on said gate electrode (20, 120), 
excluding the surface of said first sidewall spacer 
(25, 125). 

16. The method of manufacturing a semiconductor 
device according to claim 15, wherein said step of 
forming a semiconductor layer (1 3, 1 1 3a, 1 1 3b) of 
the first conductivity type on said insulator layer 
(12, 112) comprises the steps of 

implanting oxygen ions into a silicon sub- 
strate (11. 111) at a predetermined injection 
energy ar>d a predetermined dosage, followed by 
a heating process, leaving a sDicon layer (13. 
113a. 113b) of a predetenmined depth from the 
surface ofsaid silicon substrate (11, 111) to form 
an Insulator layer (12, 112) of Si02 within said sili- 
con substrate (11, 111), 

implanting impurities of the first conduc- 
tivity type into said silicon layer (13, 113a, 113b) 
on said insulator layer (12, 1 12). 

17. The method of manufacturing a semiconductor 
device according to daim 1 5, wherein said step of 
forming said PDetal layer (27, 127) comprises the 
step of 

depositing titanium all over the surface to 
a thickness of several 1 0OsA - 1 0OOA, followed by 
a heating process to sQickle the same to renrK>ve 
unreacted titanium. 

18. The method of manufacturing a semiconductor 
device according to daim 15, further comprising 
the steps of: 

forming a second sid wall spacer (26, 
126) to cover the outer surface of said first 
sid wall spacer (25, 125) after th step of forming 
sakl metal lay r (27, 127), and 

forming source/drain regi ns (17, 18. 


117a, 117b, 118a, 118b) having a concentration 
higher than that of said additi nal source/drain 
regions (15. 16, 115a, 115b. 116a. 116b), by 
implanting impurities of second conductivity type 
5 into said semiconductor lay r (13, 113a, 113b) 

using said second sidewall spacer (26, 126) and 
said gate electrode (20, 120) as masks. 

19. The method of manufacturing a semiconductor 
10 device according to daim 1 8, wherein saki step of 

forming said first sidewall spacer (25, 1 25) further 
comprises the steps of forming a CVD oxkie fDm 
(25a) to a thickness of approxsnately lOOOA. and 
applying reactive ion etching to said CVD oxide 

15 film (25a), . . ^ 

wherein sakl step of forming sakj second 
sklewall spacer (26, 126) comprse the steps of 
forming a CVD oxide film of a thickness of 
approximately 3000A. and applying reactive ion 

20 etching to said CVD oxide film. 

20. The method of manufacturing a semiconductor 
device according to daim 15, wherein sakJ step of 
forming said metal layer (27, 127) comprises the 

25 step of forming a WFe film, followed by reac^on of 

the same with a layer induding silkx>n to generate 
a core of tungsten for forming a selected tungsten 
layer. 

30 21. A semiconductor device comprising: 

a semiconductor layer (13. 113a, 113b) 
formed on an insulator layer (12, 112), 

a channel regk>n of a first conductivity type 
(14, 114a, 114b) formed in said semksonductor 
35 layer(13, 113a, 113b), 

source/drain regtons (15, 16, 17, 18. 115a, 
115b, 116a, 116b, 117a, 117b. 118a, 118b) of a 
second conductivity type formed in said semicon- 
ductor layer (1 3, 1 13a, 1 13b) adjacent to the left 
40 and right sides of said channel region (14, 1 14a, 
114b), 

a gate electrode (20, 120) formed above 
said channel regkin (14, 114a, 114b) with a 
dielectric thin fDm (19. 119) therebetween. 
45 a sidewall spacer (25, 125) provided on the 

left and right sidewalls of said gate electrode (20, 
120). 

a metal layer (27. 127) having etching-resi- 
stance formed at the surface of saki semiconduc- 
50 tor layer (1 3. 1 1 3a. 1 1 3b) in a region outside the 
region where said sidewall spacer (25, 125) is for- 
med. 
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